In the present study, we first evaluated the melanin inhibitory effect of four crude 70% ethanol extracts separated from soft corals abundantly growing along the seawaters of Jeju Island, South Korea, including Dendronephthya castanea (DC), Dendronephthya gigantea (DG), Dendronephthya puetteri (DP), and Dendronephthya spinulosa (DS). Among the four ethanol extracts, the ethanol extract of DP (DPE) did not possess any cytotoxic effect on B16F10 cells. However, all other three extracts showed a cytotoxic effect. Also, DPE reduced the melanin content and the cellular tyrosinase activity without cytotoxicity, compared to the α-MSH-stimulated B16F10 cells. Specifically, DPE downregulated the expression levels of tyrosinase and microphthalmia-associated transcription factor by activating the ERK signaling cascade in α-MSH-stimulated B16F10 cells. Interestingly, the melanin inhibitory effect of DPE was abolished by the co-treatment of PD98059, an ERK inhibitor. According to these results, we suggest that DPE has whitening capacity with the melanin inhibitory effects by activating ERK signaling and could be used as a potential natural melanin inhibitor for cosmeceutical products.
TRP-2, and microphthalmia-associated transcription factor (MITF) . Tyrosinase, TRP-1, and TRP-2 are essential to catalyze the melanogenesis process, and MITF induces the expression of melanogenic genes, such as tyrosinase, TRP-1, and TRP-2 (Vachtenheim et al. 2001; Kim et al. 2016; Pillaiyar et al. 2017) . Thus, compounds capable to inhibit tyrosinase, TRP-1, and TRP-2 might have a potential to be developed as medicines to treat pigmentation-related disorders and as a whitening agent. During the last few decades, arbutin, azelaic acid, and kojic acid are used as the active ingredients in skin-whitening products as tyrosinase inhibitors (Huang et al. 2016b ). However, the adverse side effects associated with synthetic tyrosinase inhibitors such as genotoxicity, erythema, neurodegenerative diseases, and dermatitis urge the requirement of novel tyrosinase inhibitors with less side effects (Wu et al. 2015b; Huang et al. 2016b) .
Marine organisms have gained considerable attention due to the promising health-promoting effects associated with secondary metabolites present in the marine organism (Ebada et al. 2008) . Soft corals are interesting marine organisms with many bioactive properties such as antioxidant, anti-inflammation, antibacterial, and anticancer (Roy et al. 2016) . A number of studies have reported that the secondary metabolites present in soft corals have a potential to be developed as melanin inhibitors (Wu et al. 2015a) . However, few reports have been published on in vivo melanin inhibition effects of soft corals which grow around Jeju Island. Therefore, in the present study, authors attempted to evaluate in vitro melanin inhibitory properties and its underlying mechanisms using a crude (70% ethanol) extract separated from several soft coral species on α-MSH-stimulated B16F10 cells.
Methods

Chemicals
Dulbecco's modified Eagle medium (DMEM), fetal bovine serum (FBS), and penicillin-streptomycin (10,000 U/mL) purchased from Life Technologies Corporation, Grand Island, NY, USA. 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT), dimethyl sulfoxide (DMSO), 2-(2-amino-3-methoxyphenyl)-4H-1-benzopyran-4-one (PD98059), and α-melanocyte-stimulating hormone (α-MSH) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Prime Script™ first-strand cDNA synthesis kit for cDNA synthesis was purchased from TaKaRa, Japan. All other chemicals and reagents used in these experiments were of analytical grade.
Sample collection and identification
Dendronephthya castanea (D. castanea, DC), Dendronephthya gigantea (D. gigantean, DG), D. puetteri (DP), and Dendronephthya spinulosa (D. spinulosa, DS) were collected during April and May 2016 along the Coast of Jeju Island, South Korea. The samples were identified by the Jeju Biodiversity Research Institute (Jeju, South Korea).
Analysis of chemical composition of soft corals
The ash content was obtained by dry ashing at 550°C for 6 h using dry-type furnace (Horwitz and Latimer 2005) . Protein and lipid contents of freeze-dried soft coral samples (raw materials) were determined using Kjeldahl and Soxhlet method (Pasławski and Migaszewski 2006) . Liebermann-Burchard method was used to evaluate the sterol content of the ethanol extracts; cholesterol was used as the calibration standard (Xiong et al. 2007 ) ( Table 1) .
Preparation of the ethanol extracts from soft corals
The collected four soft corals were disinfected with 70% ethanol solution and then washed with running tap water to remove any debris or other attached organisms. Twenty grams of each freeze-dried samples were extracted three times with 2 L of 70% ethanol solution for 24 h at 25°C (100 rpm). The liquid layer was separated via vacuum filtration, and the filtrates were concentrated using a rotary evaporator followed by freeze drying. The freeze-dried powder was considered as the crude ethanol extract of DC (DCE), DG (DGE), DP (DPE), and DS (DSE).
Cell culture
B16F10 cell line was purchased from Korean Cell Line Bank (KCLB; Seoul, South Korea). B16F10 cells were grown in DMEM supplemented with 10% heat-inactivated FBS, 1% streptomycin-penicillin. Cells were incubated under 5% CO 2 at 37°C (Sanyo MCO-18AIC CO 2 Incubator; Moriguchi, Japan). Cultured cells from passages 4-6 were used for the experiments.
Cell viability assay
The cytotoxicity of soft coral extracts to B16F10 cells was evaluated via the colorimetric MTT assay as described by Mosmann (Mosmann 1983) , with slight modifications. Briefly, the cells (2 × 10 5 cells/mL) were seeded in a 96-well plate and incubated for 24 h. Then, the cells were treated with soft coral extracts (25, 50, 100, and 200 μg/mL) for 48 h. Fifty microliters of MTT solution (2.0 mg/mL) prepared in PBS was added 2 h before culture termination. Then, the culture medium was discarded, and 200 μL of 100% DMSO was added to each well to solubilize the formazan. At 540 nm, absorbance was measured using The Synergy™ HT, Vermont, USA, plate reader. The LPS-induced group is used as control in calculating percentage cell viability. The optical density of the formazan generated in non-treated control cells was considered to represent 100% viability.
The data are expressed as mean percentages of the viable cells versus the respective control.
Measurement of cellular melanin content
The intracellular melanin content was quantified by using the previously described method with slight modification (Yoon et al. 2010 ). B16F10 cells were stimulated with α-MSH (100 nM) and incubated with DPE showing nontoxic effect and/or the ERK inhibitor PD98059 (10 μM) for 48 h. The cell pellets were washed with ice cold PBS and harvested. Then, the harvested cells were dissolved in 2 N NaOH containing 10% DMSO at 80°C for 45 min, and the melanin contents were analyzed at 475 nm using ELISA reader.
Measurement of tyrosinase activity
Tyrosinase activity of DPE was quantified according to the previously described method with slight modifications (Kim et al. 2007) . Briefly, B16F10 cells were first stimulated with α-MSH and then treated with DPE with or without PD98059 (10 μM). After 48 h incubation, cells were washed with ice cold PBS and suspended in a lysis buffer prepared from PBS (Triton-X 100 1.0% 1 μg/mL leupeptin and 100 μg/mL PMSF), then incubated at 4°C for 20 min to yield cell lysates. The cell lysates were centrifuged at 10,000×g for 10 min. The protein content of all samples was quantified using the Pierce™ BCA Protein Assay Kit (Thermo Scientific, Rockford, IL, USA) and normalized. Then, 90 μL of cell extract was placed in a 96-well plate treated with freshly prepared 10 μL of l-DOPA (final concentration of 1 mmol/L) in 25 mM phosphate buffer (pH 6.8) and incubated at 37°C for 1 h. Absorbance was measured at 405 nm using an ELISA reader.
Western blot analysis
B16F10 cells (2.5 × 10 5 cells) were seeded into six-well plates and incubated with DPE. Cells were washed with cold PBS, and cytosolic proteins were extracted from the cells with cytoplasmic extraction kit (Thermo Scientific, IL, Rockford, USA). Protein contents of total cell lysates were determined using BCA protein assay (Sigma-Aldrich, St. Louis, MO, USA). After separation on a 10% SDS-polyacrylamide gel under denaturing conditions, the cytoplasmic proteins (40 μg) were electro-transferred onto a nitrocellulose membrane. After blocking with 5% nonfat milk for 2 h, the blots were separately incubated with antibodies such as tyrosinase, ERK, p-ERK, or β-actin (Cell Signaling Technology, Beverly, MA, USA). The blots were washed twice with tween 20/Tris-buffered saline (TTBS) and then incubated with HRP-conjugated anti-mouse or anti-rabbit IgG for 45 min. Antibody binding was visualized by using enhanced chemiluminescence (ECL) reagents (Amersham, Arlington Heights, IL, USA). The relative expression of each protein were normalized by analyzing the level of β-actin or nucleolin protein by using ImageJ program.
Total RNA extraction and cDNA synthesis Total RNA was separated from the B16F10 cells with Tri-Reagent™ (Sigma-Aldrich, St. Louis, MO, USA) using the manufacturer's instruction. Absorbance values at 260 and 280 nm were measured using a μDrop Plate (Thermo Scientific, IL, Rockford, USA) to determine the concentration and purity of RNA samples. After the quantification, 1 μg of extracted RNA from each sample was used for the synthesis of cDNA. Synthesized cDNA was then diluted 40-fold and stored at − 80°C.
Quantitative real-time polymerase chain reaction analysis
The mRNA expression levels of tyrosine and MIFF were analyzed by using SYBR Green quantitative real-time PCR technique with the Thermal Cycler Dice Real Time System (TaKaRa, Japan). GAPDH was used as internal reference gene in amplification. All the primers used in this study were purchased from Bioneer, Seoul, South Korea, and the sequence of each primer are indicated in Table 2 . Reactions were carried out in a 10 μL volume containing 3 μL diluted cDNA template, 5 μL of 2 × TaKaRa ExTaq™ SYBR premix, 0.4 μL each of the forward and reverse primers (10 μM), and 1.2 μL ddH 2 O. Briefly, the reaction was performed using the following profile: one cycle at 95°C for 10 s, followed by 45 cycles at 95°C for 5 s, 55°C for 10 s, and 72°C for 20 s, and a final single cycle at 95°C for 15 s, 55°C for 30 s, and 95°C for 15 s. Assays were conducted in triplicate. The expression levels of mRANA were calculated by the Livak (2 −ΔΔCT ) method (Livak and Schmittgen 2001) . The base line was automatically set by Dice™ Real Time System software (V 2) to maintain consistency. The data are presented as the mean ± standard error (SE) of the relative mRNA expression from three repeated experiments. The two-tailed unpaired Students t test was used to determine statistical significance (*p < 0.05 and **p < 0.01).
Statistical analysis
Data are expressed as mean ± standard deviation for three determinations. Analysis of variance (ANOVA) was carried out for the collected data using the Statistical Package for Social Science (IBM SPSS Statistics for Windows, version 20.0). The Duncan's multiple range test was used for the mean separation (*p < 0.05 and **p < 0.01).
Results
Proximate chemical composition of soft coral samples and their extraction yields
According to the results, the ash content of soft coral samples ranged between the 59 and 73% from their total dry weight (Table 1) . In parallel to our observation, previously, Gori et al. (2013) also reported that the biochemical composition of soft corals ranged between 25 and 35%. The previous studies and our results suggest that soft corals contain a low amount of organic matters compared to the inorganic matter composition in its biomass (Gori et al. 2013) . Lipid contents of the tested soft corals were very low (less than 2%), and protein content was ranged between 12 and 18% from their dry weight. Soft coral samples were extracted with 70% ethanol solution to get crude 70% ethanol extract from soft coral samples. The extraction efficiency of DCE, DGE, DPE, and DSE was 22.57 ± 0.12%, 37.18 ± 2.45%, 14.97 ± 0.97%, and 17.95 ± 1.97%, respectively. The proximate composition of soft corals and sterol contents of 70% ethanol extracts were reported in Table 1 .
Cytotoxicity of soft coral extracts on B16F10 cells
Before studying the melanin inhibitory effects, we compared the cytotoxicity of the four ethanol extracts obtained from soft coral samples. MTT colorimetric assay was performed to measure the reduction of cell viability after treatment with DCE, DGE, DPE, or DSE (02 00 μg/mL) for 48 h. At the concentration of 100 and 200 μg/mL, respectively, DCE and DGE had significant cytotoxic effects on B16F10 cells. All the treated concentrations of DSE had a strong toxic effect on B16F10 cells. Moreover, at the concentration of 200 μg/mL, DSE decreased the cell viability of B16F10 cells over 40%, compared to the untreated group (Fig. 1) . However, DPE did not show any cytotoxic effects on B16F10 cells at investigated concentration range (up to 200 μg/mL).
Effect of DPE on melanin synthesis in B16F10 melanoma cells
Before studying the effect of DPEs on melanogenesis, we evaluated the effect of DPE on the viability of α-MSH-stimulated B16F10 cells. As shown in the Fig. 2a , exposure of α-MSH (100 nM) did not show any cytotoxicity in B16F10 cells, compared to the control group. Also, the treatment of DPE alone (50~200 μg/mL) did not affect the viability of α-MSH-stimulated B16F10 cells, compared to the control group. As the next experiment, we studied the melanin inhibitory effect of DPE in α-MSH-stimulated B16F10 cells (Fig. 2b) . The results showed that the cellular melanin content of α-MSH-stimulated cells was dramatically increased, compared to the non-treated control. However, DPE dose-dependently reduced the melanin production caused by the stimulation of α-MSH in B16F10 cells, and in particular, the effect of DPE at 200 μg/mL was similar to the melanin inhibitory effect of arbutin used as a positive control in this study.
Tyrosinase inhibitory activity of DPE in B16F10 cells
Tyrosinase is a copper-containing enzyme, considered as a key enzyme in melanogenesis (Seo et al. 2003) . Thus, most cosmetics products contain tyrosinase inhibitors in order to inhibit the melanin production in the skin (Sanjeewa et al. 2016) . In the present study, we attempted to quantify the cellular tyrosinase content in α-MSH-stimulated B16F10 cells with DPE and arbutin. According to the results, DPE dose-dependently and significantly inhibited the cellular tyrosinase, compared to the α-MSH-stimulated B16F10 cells (Fig. 3) . These results indicate DPE has melanin and tyrosinase inhibitory effects.
Effect of DPE on mitogen-activated protein kinase associated ERK protein expression and tyrosinase protein expression
We next attempted to investigate the effects of DPE on tyrosinase protein inhibition against α-MSH-stimulated B16F10 cells (Fig. 4a ). In addition, we used selective ERK inhibitor PD98059 to understand the effects of DPE on ERK protein expression in B16F10 cells (Fig. 4b) . According to the results, DPE significantly inhibited the elevated tyrosinase protein levels compared to the α-MSH-stimulated B16F10 cells. However, in this study, we observed exposure of B16F10 cells to PD98059 before the DPE treatment decreased the downregulatory effect of DPE on tyrosinase expression. These results suggest that the tyrosinase inhibitory effect of DPE might due to the inhibition of ERK signaling cascades. Therefore, we studied the effect of DPE on phosphorylation status of ERK42/44 using western blot analysis as shown in Fig. 4b . According to the results, it is clear that the treatment of DPE potentially increased the phosphorylation of ERK a b Fig. 3 Effects of D. puetteri ethanolic extract (DPE) on the tyrosine production in B16F10 cells. B16F10 cells were cultured with DPE for 48 h. After incubation, tyrosinase activity was evaluated using l-DOPA oxidation assay. Tyrosinase content of the cells are presented as a percentage of non-treated group. Data points and bars represent the arithmetic means ± SEM (n = 3). *p < 0.05; **p < 0.01 compared to the α-MSH-stimulated B16F10 cells. Specifically, similar to the tyrosinase inhibitory results, PD98059 decreased the upregulated p-ERK expression by DPE. These results suggest that DPE has a potential to inhibit the melanogenesis in α-MSH-stimulated B16F10 cells via modulating p42/44 mitogen-activated protein kinase (MAPK) signaling cascade.
Effect of DPE on the expression of melanogenic genes in B16F10 cells
To study the effect of DPE on melanogenic gene expression levels in α-MSH-stimulated B16F10 cells, we performed qPCR. As shown in the Fig. 5a , b, both tyrosinase and MITF genes were dramatically increased in response to the α-MSH. However, with the treatment of DPE (200 μg/mL), it decreased the elevated expression levels of tyrosinase and MITF genes in α-MSH-stimulated B16F10 cells. In addition, treatment of ERK inhibitor PD98059 prior to DPE exposure reduces the inhibitory effect of DPE on both melanogenesis gene expression.
Discussion
Various extraction methods can be employed to isolate functional materials from the plant material such as ultrasound-assisted extraction, microwave-assisted extraction (MAE), supercritical fluid extraction (SFE), and organic solvent extraction (OSE) (Wijesinghe and Jeon 2012) . However, application of the aforementioned Effect of DPE on a tyrosinase and b MITF gene expression. Cells were exposed to 100 nM α-MSH in the presence and absence of DPE (200 μg/mL) and PD98059 (10 μM). Tyrosinase and MITF mRNA levels were examined by real-time RT-PCR using GAPDH as an internal control. Results represent the pooled mean ± SE of three independent experiments, performed in triplicate. *p < 0.05, **p < 0.01 extraction methods to isolate bioactive compounds from natural sources has several disadvantages such as degradation of active compounds (MAE), high cost (SFE), and environmental pollution (OSE) (Wang and Weller 2006) . However, according to the previous studies, ethanol-aided extraction is one of the promising extraction method to isolate bioactive metabolites from natural organisms due to its lower toxicity, low cost, and less environmental pollution (Wijesinghe and Jeon 2012; Wang and Weller 2006) . With the support of previous scientific evidences, we extracted soft coral (DC, DG, DP, and DS) species into 70% ethanol solution to explore their potential to be developed as a cosmeceutical. According to the results, extraction efficiency of soft corals ranged between 14 and 37% ( Table 2 ). Even though high extraction efficiency is an important factor for industrial level extractions, the extracted materials should be bio-compatible to use them in commercial applications such as cosmeceutical and nutraceutical. Thus, low or nontoxic effect of the active ingredient towards the human organs is one of the important factors to consider in the functional product formulation (Antonopoulou et al. 2016 ). Generally, proper melanin level protects the human skin from damages induced by UV, toxic drugs, and chemicals such as α-MSH (Taylor 2002; Sanjeewa et al. 2016) . However, excessive production of melanin is responsible for the development of melanoma skin cancer and dark spots on the skin (Taylor 2002; Sanjeewa et al. 2016 ). Many researchers have used B16F10 cells to evaluate melanin inhibitory effect of natural products. B16F10 is a murine cell line which is capable to synthesize both melanin and tyrosinase by stimulation of α-MSH to evaluate melanin inhibitory effect of natural products (Chan et al. 2011 ). According to the MTT colorimetric assay results, DCE, DGE, and DSE had considerable cytotoxic effect on B16F10 cells within the tested concentrations. In parallel to our observations, a number of studies have reported that the extracts of soft coral had cytotoxicity to the cancer cells and to the other normal cell lines (Huang et al. 2016a ). Therefore, after considering cytotoxicity of extracts, DPE was used for further studies because of its nontoxic effect on B16F10 cells.
Arbutin, a beta-D-glucopyranoside of hydroquinone, is an effective commercial melanin inhibitor which is used to treat cutaneous hyperpigmentation characterized by hyperactive melanocyte functions (Maeda and Fukuda 1996; Rendon and Gaviria 2005) . So, we compared the melanin inhibitory effect of DPE with arbutin to get a clear idea about melanin and tyrosinase inhibitory effects of DPE. According to our results, melanin production caused by stimulation of α-MSH in B16F10 cells and, in particular, the effect of DPE at 200 μg/mL was not significantly different to the melanin inhibitory effect of arbutin used as a positive control in this study. Moreover, DPE dose-dependently inhibited the cellular tyrosinase production under tested conditions. However, inhibitory effect of DPE on melanin and tyrosinase might increase with the further purification of 70% ethanol extract, and we are currently working to isolate active compound.
MITF is an important transcription factor, which is capable of regulating pigmentation, proliferation, and survival of melanocytes (Steingrímsson et al. 1994) . Upregulated expression of MITF triggers the expression of melanogenesis genes such as tyrosinase Vachtenheim et al. 2001; Pillaiyar et al. 2017) . The MAPK/ERK signaling cascade is capable of monitoring the proliferation and differentiation of cells. During the melanogenesis process, ERK-associated proteins control the expression levels of MITF protein. Specifically, upregulated expression of ERK inhibits the MITF protein expression in melanocytes (Bae et al. 2016) . Previously, a number of studies reported that phosphorylation of MAPK signaling cascade-associated proteins have a potential to weaken the expression of genes and proteins of MITF (Hwang et al. 2017) . Taken together, induction of phosphorylation of ERK-associated signal molecules is a key point of inhibition of melanogenesis. Thus, as the next step, we studied the effect of DPE (200 μg/mL) on MAPK/ERK protein expression levels using western blot analysis and MITF gene expression using qPCR. With our results, we can confirm that DPE has a potential to regulate melanin synthesis in B16F10 cells via upregulating p-ERK protein expression in α-MSH-stimulated B16F10 cells. Further studies are needed to investigate active compound in DPE responsible for melanin inhibitory effect observed in this study.
Conclusions
In the present study, we demonstrated the crude ethanolic extract separated from DPE has a potential to inhibit the melanin synthesis in α-MSH-stimulated B16F10 cells via regulating MAPK-associated P42/44 protein expression. According to the western blot analysis results, and mRNA gene expression profiles, we can conclude that DPE is a potential candidate to be developed as a de-pigmenting compound. To the best of our knowledge, this is the first report to mention on potential melanin inhibitory activity of D. puetteri crude extract.
Abbreviations DC: Dendronephthya castanea; DG: Dendronephthya gigantea; DMEM: Dulbecco's modified Eagle medium; DMSO: Dimethyl sulfoxide; DP: Dendronephthya puetteri; DS: Dendronephthya spinulosa; FBS: Fetal bovine serum; l-DOPA: Hydroxylation of l-tyrosine to l-dihydroxyphenylalanine; MTT: 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide; PD98059: 2-(2-Amino-3-methoxyphenyl)-4H-1-benzopyran-4-one; TRP: Tyrosinase-related protein-1; UV: Ultraviolet; α-MSH: α-Melanocyte-stimulating hormone
